i'A or its 2-methylthio derivative 2-methylthio-N6-isopentenyl adenosine (ms2i6A) in their tRNA (3, 9, 29) . On the other hand, ribosylzeatin (iO6A) or its methylthioderivative 2-methylthio-N6-(4-hydroxy-3-methylbut-2-enyl adenosine (ms2iO6A) has been reported to be present in the tRNA of plants such as garden pea, sweet corn, spinach, tobacco callus, and wheat germ (8, 10, 17, 34) . Therefore, it has been suggested that only plants have the gene for the hydroxylating enzyme which converts i6A and ms2i6A to the respective hydroxylated derivatives iO6A and ms2iO6A (32) . Bacteria such as Rhizobium leguminosarum, Agrobacterium tumefaciens, and Corynebacterium fascians have been shown to contain iO6A or ms2iO6A in their tRNA (12) (13) (14) 23) . This indicated the presence of hydroxylase, implying that these bacteria acquired the gene for the hydroxylase activity from the plants during their association over long periods of time (12, 13) . In this paper we establish the presence of transms2iO6A in the tRNA of Azotobacter vinelandii, a free-living, nitrogen-fixing bacterium found in the inner rhizosphere of plant roots. 35S incorporation studies show that the relative proportion of this cytokinin depends on the culture condition, as does that of some of the other thionucleosides present in the tRNA.
MATERIALS AND METHODS
Authentic samples of ms2i6A and cis and trans isomers of ms2iO6A were gifts from J. Corse, U.S. Department of Agriculture, Western Research Laboratory, Berkeley, Calif., and 5-methylaminomethyl-2-thiouridine (mnm's2U) was a gift from J. A. Carbon, University of California, Santa Barbara. 4-Thiouridine monophosphate (S4Up) and phosphocellulose (fine mesh) were obtained from Sigma Chemical Co., St. Louis, Mo. Thin-layer microcrystalline cellulose plates and thin-layer silica gel plates were from MachereyNagel, Duren, Federal Republic of Germany. Carrier-free H235SO4 was purchased from Bhabha Atomic Center, Bombay, India.
A. vinelandii OP Wisconsin was grown in Burk modified nitrogen-free medium (31) . Five percent of a log-phase culture was transferred to low-sulfate medium containing all the ingredients with only one-tenth the amount of sulfate, with 100 ,Ci of H235S04 per ml of medium. For growth in the presence of fixed nitrogen, 2.7 mg of N per ml, ammonium chloride was added to the medium. This concentration of ammonium salt was sufficient to completely repress the nitrogenase genes (15) . The cells were grown as shake cultures at 30°C to late log phase and harvested. 35S-labeled total tRNA was isolated, purified, deacylated, and converted to nucleotides as described earlier (1).
Electrophoresis. The nucleotides were resolved by electrophoresis on Whatman 3 MM paper in acetic acid-pyridine-EDTA buffer, pH 3.5 (5% acetic acid containing 5 mM disodium EDTA adjusted to pH 3.5 with pyridine), at 60 V/cm with xylene cyanol and acid fuchsin as dye markers (30) .
Chromatography. Phosphocellulose column chromatography of nucleosides was carried out at pH 3.9 on a column (1.2 by 65 cm) as described previously (26) , with freshly washed phosphocellulose prepared by the method of Zapisek et al. (35) .
Desulfuration. Desulfuration of 35S-labeled tRNA was carried out with cyanogen bromide (28) .
Detection and recovery of thionucleotides. The radioactive thionucleotides resolved on paper were detected by autoradiography, and their relative proportions were determined by cutting the paper and counting the radioactivity. Elution of the radioactive spots from the paper with water was carried out by the method of Heppel (19) .
RESULTS
The 35S-labeled tRNA preparations were free of radioactive polysaccharide contamination as determined by gel filtration before and after digestion with ribonuclease (data not shown). The specific radioactivity of the tRNA from cells grown in the presence and absence of ammonium salt was almost the same, about 56,000 cpm per A260 unit in both cases. High-voltage paper electrophoresis of the 35S-labeled thionucleotides of tRNA from cells grown in the absence of ammonium salt showed the presence of four prominent species as revealed by autoradiography (Fig. 1A) . Comparison of the pattern with the already established electrophoretic positions for thionucleotides (11) suggested that spots 1 through 3 were the 3'-phosphates of mnm5s2U, ms2i6A, and ms2iO6A on the phosphocellulose column. The radioactivity peak and the optical density peak eluted together (Fig. 2B ). This confirmed the identity of spot 3 as ms2iO6A. Cyanogen bromide treatment of the 35S-labeled tRNA and further analysis of the thionucleotides by electrophoresis showed no loss of sulfur from ms2iO6Ap and ms2i6Ap spots (data not shown). This result established the presence of sulfur in these nucleotides as the methylthio, -S-CH3, group.
The identity of each of the nucleosides was further confirmed by chromatography on paper and silica gel thin-layer plates in different solvent systems with authentic samples used as markers. The Rf values of the nucleoside and the authentic sample were found to be the same within the range of experimental error (Table 1) . Radioactive ms2iO6A moved with the authentic sample of trans-ms2iO6A on the silica gel plate, on which the cis and trans isomers separate well (25) . Thus, the ms2iO6A present in A. vinelandii was found to be the trans isomer.
When the cells were grown in the presence of ammonium chloride, the electrophoretic pattern of the thionucleotides in the tRNA was very different from that obtained when they were grown in the absence of ammonium salt. In addition to the four thionucleotide spots, a new spot moving faster than Up could be observed. The relative proportions of the spots were also different. S4Up and mnm5s2Up were greatly re- ms2iO6A. The position of spot 4 suggested that it was the 3'-phosphate of 4-thiouridine (S4U), 2-thiouridine (s2U), or 5-methyl-2-thiouridine (m5s2U).
The identities of the spots were further established by converting the 35S-nucleotides to nucleosides and analyzing them by phosphocellulose column chromatography as well as by paper and thin-layer chromatography. After chromatography on a phosphocellulose column, six radioactive peaks were observed ( Fig. 2A) . Peaks 2, 3, 4, and 6 were at the characteristic elution positions of S4U, ms2iO6A, ms2i6A, and mnm5s2U (33) . Radioactivity peak 1 represented free sulfur which was released from the nucleosides under the mild acidic conditions used and any unconverted thionucleotides. The position of peak 5 suggested that it was 2-thiocytidine (26). These were not analyzed further. The presence of ms2iO6A in the tRNA of this bacterium was interesting. Spot 3 (Fig. 1A) (Fig.  1B) . The spots were cut out, and the radioactivity in each was measured. The proportions of the thionucleotides in the tRNA from cells grown under the two conditions are shown in Table 2 .
DISCUSSION
The experiments presented here clearly establish the presence of trans-ms2iO6A in the tRNA of A. vinelandii. The tRNAs of bacteria such as R. leguminosarum, A. tumefaciens, and Pseudomonas aeruginosa have been reported to contain the cis isomer of ms2iO6A (13, 14, 33) . Thus, the presence of the trans isomer in A. vinelandii tRNA is a new finding. However, Chapman et al. (12) have reported the presence of trans-iO6A (nonthiolated) in the tRNA of A. tumefaciens.
The presence of ms2iO6A in A. vinelandii tRNA is interesting since this bacterium, unlike R. leguminosarum, A. tumefaciens, and C. fascians, is not associated with plants. It is a free-living, nitrogen-fixing aerobe found in the inner rhizosphere of the soil sticking to the roots of plants (2, 16). Earlier work had suggested that the plant-associated bacteria might have acquired the hydroxylase activity, which converts i6A and ms2i6A to iO6A and ms2iO6A, from the plant during their long association with it (12, 13) . Instances of gene transfer are known to occur in nature. Photobacter leiognathi, which is the bioluminescent bacterial symbiont of the teleost fish, has been found to contain the copper-zinc superoxide dismutase characteristic of the fish instead of the procaryotic iron superoxide dismutase, indicating that the gene encoding it has been transferred to the bacterium (22) . Recent findings on the presence of mobile "processed" genes in eucaryotes suggest the possibility of transfer and expression of a eucaryotic gene in a procaryote (4, 20) . It has been reported recently that bacteria such as Salmonella typhimurium, Klebsiella pneumoniae, and Serratia marcescens which are not associated with plants also contain ms2iO6A in their tRNA (7, 21) . Therefore, the hypothesis of gene transfer from plant to bacteria is less likely.
The present results show that the relative proportions of the thionucleosides depend on the culture conditions (Table  2) . Since the specific radioactivity of the tRNA from cells grown under the two conditions was roughly the same (see Unidentified 28.4 0.0 a 35S-labeled tRNA was digested with RNase T, and subjected to electrophoresis at pH 3.5 (Fig. 1) . The major radioactive spots were cut out, and the radioactivity in each was determined in a liquid scintillation counter. The results are presented as the percentage of the total counts per minute recovered from the paper after electrophoresis. above), the percentage of 35S incorporated into each species reflects its content in the tRNA. Thus, the proportion of mnm5s2U and S4U is higher when the organism is grown in the absence of fixed nitrogen. Changes in s2U derivatives that are dependent on culture conditions have been observed in this laboratory earlier (11) . S4U content varied 8 to 10-fold under the two conditions (Table 2 ). This is the first report of such a large variation in S4U for any organism. The content of the cytokinins ms2i6A and ms2iO6A together was two to threefold higher when the organism was grown with an ammonium salt than without it. The ratio of the proportion of ms2i6A to ms2iO6A also varied with the culture conditions. It was found to be 1:1 when the cells were grown in the presence of ammonium salt, but 1:2 when the cells were grown in nitrogen-free medium. Buck and Ames (6) found that aerobically grown Salmonella typhimurium cells normally contain ms2iO6A as the major isopentenyladenosine derivative, but in anaerobically grown bacteria, hydroxylation of the isopentenyl side chain does not occur to a significant extent, and ms2i6A predominates. They proposed that changes in the extent of modification of tRNAs that normally contain ms2iO6A in response to changing environmental conditions is likely to be important in adaptation to new environmental conditions and stress. Oxygen metabolism is known to be regulated critically during nitrogen fixation. Thus, the fluctuation in the relative proportions of ms2iO6A and ms2i6A between the nitrogen-fixing and non- 
